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(57)Abstract 

PROBLEM TO BE SOLVED: To stably suppress the 
interface level density at the semiconductor light 
emitting element end face for a long time, and stably 
operate in the event of diffusion in an inactive layer 
during LD driving by a plasma irradiation in vacuum on 
the resonator end face to form the inactive layer. 
SOLUTION: A manufacturing method comprises steps 
of laminating at least a first conductivity type clad 
layer 3, active layer 4 and second conductivity type 
clad layer 5 on a substrate 1 f and forming a resonator 
structure with opposite two end faces such that, after 
sequential crystal growth of a compd. semiconductor 
layer on the substrate 1, resonator end faces are 
formed by cleaving, a plasma is irradiated in vacuum 
on the end faces, and an inactive layer is formed in 
vacuum on the irradiated faces. Thus, it is possible to 
realize by a simple method a semiconductor light 
emitting element which suppresses the interface level 
density at the semiconductor light emitting element 
end face for a long time, and stably operates in the event of diffusion in the inactive layer. 
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is5®KX£*T7*7 X-r Hit U ^127*7 X-7fiB.it ufc 

* 4 1" 5 ^WfW**^ ©Kit#£. 
[!§*92] WE»«l*)ltffi-etf5wt*^*«i:1-5 
ft*9 1 Efc©*3lft3gft$* ©ffiSitm 

[11*53] WE§?&fi**^tL<i±g*#iam* 

T'ftp:t t -r5!S*9 1 Xli 2 K*©JN«ttS 

0. 2 (nm) <T p ( 

(fcfc'U it (i) tfj. a tt^fcfWBjteJlH-rojgfiStfi: 
^Sr^i-o ) 

[!t*«7] «E^?X^JIMt*l 8 8ot*©7*7X 
-rfgJtfQbi Z k *1#ttii-5»*3fi 1 ftV^ L 8 ©v vf 
;h.jMzE*©¥iM**jfc**»ll(it#S. 

[§f*98] UWE18«l5E#3»SAr-C«)5rt*»» 
t "f 5ff *9 7 Eft0^fr*3t*^ ©Sifcfrfe. 

[§f*9 9] IMt5Ar7"7X-7©x^-i;2 
5eV«Jt3 0 0 e vaTTft51t4:1tiit5»* 

>tfm*&&tz z t zftrnti-zmivg. i ft^t 

[11*9 1 l ] SuE^-x-f >7"!£, JFettfb^ro 
JK*«, 5l#«E*Jl2«l J -CJKrti-5r. iSrWRt 1-581 
*9l 0E«<O*3|«c***?-©«a*jife. 

[is*9i2] mtz*-T4yymzBtfii-z&. x 

X-7jBM£|5)B#|cff 5ri«r#®ff5iS*9l OXIi 

1 1 E*©*«fH6#**©«i6#ifc. 

[!»*« 1 3 ] X^JSWi* 1 8 &7cSt©7 , 7 

X-^BMfCfcSw kZft'&kt 511*9 1 2E*©** 

[11*914] MEl 8«5E*A«Ar-Cfc«wi:*» 
S&£-f 511*9 1 3E«©#«#3£5fcfi?*©§3i£2;8:o 
[!i*9l5] SSit1-5Ar-7*7X^(03:4yu^-^ 

2 5 e V«±3 0 0 e V^TT-feS C i 5fS 
*9 1 4 Ett<0¥«<ttCftS?Ogl&*&. 

[!S*9l6] DIEa-f^^^ijJS, A 1 O x . T 
i O x . SiO x , SiN, S i n SA»f><t5«IA» 

&i1-5!fr*9l OfcuL l 5©vvffuwcE«©¥3l 

[!f*9l7] Hi!£3-f^^iA\ ttKW=— ? 



*ft£*©ffi!ig;frifc. 

[11**4 1 IWE*^{fcJi*«J*1-3tm*ettJi 

t k -f 5 !it*9 1 frv ^ t 3 ©n1*ft*»lwE*W>¥ 

If§*9 5 ] SfJE^Sttfc/f Sr S i fc^trOTf T-tS$ 

[!f*96] iu^FSmtSSr, ^Wf^Tp (nm) 
■o *STES; (I) ?*$*i*ttH*fcS*lcJi&fc+S;:i 
£#S££-r5Sf*9 1 &^L5 ©i^f ti7WcE«©¥>g 

* 

nm) <X/8n (nm) (I) 

1"5Sl»*9l Oft^Ll 6©i^T*uWcE«c©¥^<«§ 

7fe*^©^3S^fc 

[f»*9l8] ittEttRlta— T'^Vi/S^AlOx 
£t£3k BuEi^Slt^-r-f yfS&A l O x&tfS i 

^©Kit^fc 
[»*9 1 9 ] flttEiSttStf I nM/XliG a 

©^*^7t^^©Kit^i£„ 

[f??*92 0] fl&EJ£ttS#A 1 X G a !- x A s (0^ 
xSl) , In x G ai - x As (O^xSl) Xli (A 1 
xG a !- x ) y I ni_yP (OSx, y ^ 1) frbteZZk 
*#«i-t-5»*J£l 9Eic©^<*^*^©Sifi^ 

So 

30 [!ff*92l] HuESttl©*m^5rpSt1-5Ci: 
•511*91 4l^U2 0©v»1"*uMlE*© 

[fl*92 2] #g§gKa5# (iio) ffiXtttJx* 

i^L2 i.©^-fix*»fcEft©*aH**3t*?-oKa* 

[000 1] 

si**? 7 *'<-**»«»«*■[, 3t««*aafflo3t 
asu?©. ;i?fcb7j, ft#^©^asrs*$n5ffi^©^ai 

ft u-if lc»jgtfijffl $ JX5o *fcX/<-A' 5 ^ y -fe v 
h^t-K^OLEDT, 3t©ffiltffi*5S®|cii9^ 

[0 0 0 2] 

[&£©Siflf] ifi^lcfc'lt^TttfffiWSSW. 3tiiffiJ 
^©itJglciiS^S U 5. 1ffi.%T-< 
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tt1-3£&tt£&o<f#igi|i$<DT>7' < i: LT, E r 3+ 
m<r>%±m* K-7 , Lfc3 , £7r-i'/<-iiitiISS (EDF 
A) <7)W5Ei4 5 #*eT-ffi/ulCft^toHT^5. -?: LT, 

5. 

[0 0 0 3] EDFAfSffl(Ctt-T5ri:«DT-#5Slg7t 
ii<9&S!£:gl4J©JIfftK3fi^#£L, 8 00nm, 9 
80nm, 1 4 80nmffc5, r <75 o *>iti|>8§§<73#tt 
7i^?>^ixli 9 8 0 nmfOlgi\ fljfc, /^X§5r# 

9 8 0 nm^tg^^^-fS U— f liSjgftjg £ LT 
fcix.14'8 9 0- 1 1 5 0 nm(C*3VTI±SHG^, 

[0004] ttp*toa»»-e«4ii5«aceft. sn* 

Kft<OLD(^BiLTI±iSai^{W5S<a*iXTt5*), s 
fc, 6 3 0-6 8 0 nmSfflLD<0BS8t#*I^ 

tfJ±-JftlwS«jil^— !f*>5VM4NAM (non Ab 
sorting Mirror) flfifU— f t mitlXtS 9 , Kffi^^ 

[0 0 0 5] #^¥3- 1 0 118 3 

<tv*4Mt*'<3/ >"<— > a vl$>-5VM4, -ero-SUi L 

H¥ 3 - 1 0 1 1 8 3 *4i«fcai-5^»3ttti LT, 
L. W. Tuet al. , (In-vacuum cleaving and coating 
of semiconductor laser facets using silicon 
and a dielectric, J. Appl. Phys. 80(11) 1 DEC. 19 
96)#fc-5, ZtUZXtilf, S i /A 1 O x «ii£ U— f 

[0 0 0 6] £P>IC. !f05tiilltJiB®T<om 
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<r > £ i <o S lc l / 4 jKftftJf A1" -5 
t>*nf>ftTv>.5. 
[000 7] 

I*W* J »*LJ:5ti-5ByHl tfittf, 9 80nmifi 
<f co^ft: U— »FT*I4, 5 0- 1 0 0 mWggWfttti*) 
(C*JV>T2¥SS»aiggffiffilC»x5^*u— fRV 

io #T*>5. w*U47 8 0 nmtf, 6 30-6 80nm» 
WLDK*5V»T'b*«li|§l«-Cife5. fcttiafcrofffctt 
ffit&ttltlCG a A s £«&Ev*fc*©*aM*:U'-if£fc 
<7?g|jgT'fc5 0 

[0 0 0 8] ;ogi©t>ioi;it 

#&>-5„ GaAs/AlGaAs^ifrlz-fT-tJ; 

#41-5755, rtibO^^u—ifJt^KiRI-Sfc*, 

20 fc0, CW?a«±#^$<b(cJSu5i£{f^<>K^^-7y 
Z®< L, Sbfcu— f3t*SmxL^1-<1-5iv>-3fc 

mg££fic LfcRlC*»3 Jx$*a5«»l\bt*5 CO-D (c 
atastrophic Optical Damage) t LT£p ibil, Sfclt 
L7tK<7) COD l^</w©(g;T»C(* 0 $&-<D 
%mim$> < <0*-*# U~ if *-?-j;:*il^T#il©IWIH 

^ttlCtffeftT 14^505, ^fc'S«W(C^F+^T*$)5, 
[0 0 0 9] ^«Mtt5LD©l^^#i5i, fc 

#£T^4u-1f£v^^3/<-roftfiKLTS®^fc" 

^(C«Ji^trot^oTLi9o ZnWlMi 
S i<f*w— !P©i»a5iSff©ettJ|K^*6*t LTEI2 

fero^XiRi LTI4^¥2-4 5 9 9 2^«. # 
$¥3-3 1 0 8 3 #Bfl¥ 6- 3 0 2 9 0 6* 

40 ^«*Sr*)lf5wi^-C#6. 

[0 0 10] Lt)»L, -UlCLDKiiimT'?Tfeix5¥ 
ttftttftlil'— !f^03itf^^->-vy^|6)7)»P,S*S* 
(S]i;i6l*»oTffi5^5fcft, tt^$<7)»Jfflitt, 

Lfcf^B!l4jiLV\ Sfc, -f^-vff*>ii^O|&^lc»4i« 
i£Tlc# ? «?am5£«OJiADI4 u-if o L £ k ^ffi«86^»S 
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[0011] #J;ilf, 8JEWM¥3- 1 0118 

WfciSBi©©S. XI4*iii#*«lt»trlSC*i!tirMfc 
ICT-, Si^tfL'ii' **ff y •> a >S $> 5 

If. Ga-O, *fcAs-O^O^ff^fi>©4 
T^5^»W<^w^^iffiffi<offM^i£>liSi ^ u 

5. Lt)>u ^nii^*T-o-jis:Mll^icitg5ur. 
Si l^ ^--M>e>f! 14? \s-Mzffi7f;£tiXi<^ K 

ML. «#^^S*^^5LDo^S^fet tri±S 

[0 0 12] /<7>"<-'>3>ii: LTftg^t 

WtLTS i, Xtt7^/U777S i zJSfclffjixT^S 

a V«i|Sf(Oi£ftdm-g;$n.5o ±1E. LW.Tu et 

al. , (In-vacuuo cleaving and coating of semi 
conductor laser facets using silicon and a 
dielectric. J. Appl. Phys. 80(11) 1 DEC. 1996) -XT- 
IS. S i/A 1 O x «3t5rU-lfSS5Elc = -r r f yf-t 

zmzn£<px-gm-tzk> gmmv o*^ y 7©ffig 

5z)5. 5»^ftlttlcg§-t-5IE^Ii^<. 3— tV>7* ' 
i LD«£©KSfco^Tfc&^e>ftTv>fcv\ 1 
[00 13] $f>lc. ¥3|ftU-1fWJtffiJttfl8E-C<Dm 

M©ffl##»Ii»# i -ft L*v Si^r^-T 
w VT^i ©#EK l /A Ai-^SW 

i|#l-i§ai^)LD7)SSSJxTl/^4 00-1 600n 
mlc&i^Tli. S i-t©fc«j5S#»»iR#£LTfft8L 

tU9 saB-e<oja*±#*^<'f 7.©&{t;£;(in 

[0 0 14] **Wtt. A»*>5RHSr#fti-5fcftK*i 
Zf£t>ixtzh<DX\ -t©iff)tt, ¥3H* 0 s *©** 

SIC»SJL. L7)>t>. ^Stt{kS©LDffilb«t'©lt»)J5 

5. «ffi4Bi6*«£©lia-e*> 9 . w*U4. i-fcfr*,. 
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[0 0 15] 

[RfiSr*ifc-t-5fci!)©^a] *|§^#f>li. _hE©H 

7 7 k«. sttis^mn^mM? 7 7 Kssrstf 

¥$fcH3fc**©S8it#fclCfc^-t\ fiS±ti:ft:4ft¥ 
^l$r«I^aafi£fiL7c:S. ffKI-J: 9#«§gSSBE£ 
ML. fti^T\ BE*SEt8tBLfc. SS. 

WU ilS7"5X-r.BB#tLfcB±lC§l#i^#KSt I T'^ 
Sttfkl £M"f 5 Kig*&T*^S! * flit ****** 

5^(ct©<*u^T-Sai^. **^5rP535:-r5r t Sr 

[0016] ip*>. #»w©s»tt\ ss±ic. m-m 

MM? 7 s/ KJ§, SttJl£U<j[S-*mS* 7 7 KJifc-S 

£ML. &1>T% KflH6fcX2«r'?7*?X-r flUt L. 
SK7*7 X-vflMt LfeB±(C?| #«E * K2«|j f^Ffitefc 
S£M1"3 r i 5r#mi1-5^fr***^©|!!it^ 

[0 0 17] 

< & tm-*ms7 7 7 K!. m&f§Rv%-mnm? 
mmz%&Lxtj:z{t£<to*m#%ftm*(Dmm%mx 

Affile J: D*SSi«ES:}gjSL. R^f, SXSElc 
K2«f-C7*9X^flBltU. a»7*9X^BRWLfcffi±li 
5 1 1 tt f f T-^Fffitt{ Sr 5 Z. i £ #m 1 1" 
5#^«**^©Kif*fe-Cfeix«, »lc-t©*^ 
©*jSl±R3£Sft4v^* , «TKA#tt«iS*ife© 1 

ifz) 5 «-©^nt^Z©^iX(DZJilC^iX. SZigm 
« IBZ^ 7 7 KB t IS/u 7 1 1 T-mSitttA$S*££ 

? HSrto*iS©i|tiJ«t:u— ffcf^KL**Wtaffl 
[0 0 18] -t©i9 4U— f©S*W3if 

«it©S!ftlifci:x.lf«irt,©»Bfi¥8-l 3 0 3 4 4 
^«^l£«©u— f*sffi^L, r©SI©u— tfiijtii 

««affl©*««*«ft> * y -© f 7 7 T 7 Xjfej!! t 
LXfS^btl. SttJl. Sfc777 KS«©S«fig. 4 

so tztmmi&^o&wzxix. *b\£W*t*mm~*>i& 
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[0 0 19] (2 214, *891<D¥i)H*U— fiZ&i-tZ*. 

ilSI^i^InP, GaAs, GaN, InGa 
As, Al 20&<0%%iBmm<Gi%£}xZ>o A 1 2 o 3 

$P,STllil$ti5^fl|£ LTI4 I n PSg. GaAsI 

VKHTAs, P^£^tfIII-V»H^ft3gft ,o 

ta s zstsm-enam t>#mimG a a s mm-m% 

[0 0 2 0] A 1 2 0 3 tg<7>Kmf£S«(4III-Vi£ 

^^^•5^"75tg (miss oriented su 
bstrate) <D&%t>' s 1ifeVbZ> 0 liHt^r- y7°y a- 

5»W 1- «t o Tf4 1 0 gfifgrofift 1 i-i z 1 1 S> 
5. 

[0 0 2 1] gtSliMBEfcS^liMOCVD^Ojgfs 

T, W^x-y^'s*/, fU&S^fcSfisate-fcfca. 
y7rS (2) li, S«/</u?)g B s B<7>;F5t£tt£i$!n 
L, ^altt^ll-tcLfcif 9*i"rti>nm<r>MJ$.'k® 

77i (2) 14, gffi (1) fc|BI-Ofl:^*-C«*i-5 
«3L<, g«/5 5 G a A s Oi§-g-|4iI&, GaAs 

tSffiil5]-<7)#iRT-(4/£< , *<Dffim<o&3ti&&. 7 

[0022] yyvm ( 3 > i±-«ttfcii 

$ft*g*S (1) , '<yy 7 m (2) , gttS (4) If 
l-±9aStma*a3£*Ji5. #Jx.l4gffi (l) i:LT 
CaAsTO^, /<?7 7 g (2) tGaAs»| 
ICI4A 1 G a A s I n G a A s Xtttk A 1 G 

a I nPlttfl, InGa P£Wf-H£riSffll^<b;fx3. * 

[0 0 2 3] **M<03!i*l4ettJi (4) cOigmS. # 



TI4, PSr*)ofcli5^#iLl> 0 PS©K-A-yh 
t LTI4. Zn, C, Be, M g <$&&i<Di><D&m# t 
l«fi*«felC.«?)LTaS:ajR1-lltfJ:<. $r£L<(4B 
e&tf/XttC. *t>#i t<(4B eTfc5, 
¥*&0V<> K^-r^li, 0iJxl4'Heterostructure L 
asers (H. C. Casey, Jr. M. B. PanishS Academic Pres 
s 1978 P. 157)lCE«cOi:*5iJ, W 
Jf«if*ilj45/h$<*5«l6|lC*)«. #J;it4, GaAs 
W^-g-(C|4, -t©^>KJfty7'^Eg (eV) , pgJ 
©*+!JT»««:P (cm-3) t LT 
Eg=l. 4 2 4- 1. 6 X 1 0 -8x pl/3 
t-fo^ri^^Jtitl^, *%B^W 1 occ>#jai4^Fffi 
ttfcJf (14) fc LTW--fffiE£^m##ffilc}fA£ 

ffiSfcSrgr LfcKS. nS<0Tffi#)i LTTfttl (4) f> 

«. *v*»;tiUfJFgttfcJl (14) *SLDB»t* 
*-r-;'7'«rli:*:$-frS*££?feL, igffiT-coftcDRi|x£ 

[0 0 2 4] *MsHi*io«^*»f>l4. SttJI 
(4) 14 1 n&tf/XttGaSr^tp^, 4 9 # £ L < 14 
I n£-gtr£, ftfc$?iL<l4I nMGa 

Wl>*m*-C*)oT, *Stt<fc«'<14) tuu 
Wftro*§&j¥{t;i4/<y K^-r y7<DmiJa$: htz h-Ttz 

[0025] rixbs.^e, fttt® (4) ©tma 

TI4, Jr^W(C|4, A 1 G a A s Iffl, I n G a A s 
InGa P^W. A 1 G a I n P%&®4$ s 
■PT't, I n xG a i- x A s ( 0 < x < 1 ) XI4 (A 1 x 
Ga H ) y I ni - y P (0<x, y<l) «r$trr&# 

[00 2 6] fiHtJi«)tm»«lc J: 9 , ft^fe^igftSg 
3t*^-(0«fijSfi: A (nm) #!2lf fc£$ft5;4S, 
SiSSA (nm) 14, S i»«l«J:9fittfi-C*>5rt 
«t#*U\ Sfc, ffittl (4) I4*8i££ LT, 
^i l )>f>/i5ii^W/'</l'^Stt^Tt<tl/^ s , 
F (SQW) ffijg, Z«g^F (DQW) ffijf, #M 
(MQW) *ii^roft-?#F«iii5 g LTS 
«S*t«. -&LT, ft^#F«it(CI±, ii*. %1U K 
S^SrfflSIt, £.glw(£:LTft^#F<7)^B|Wfc*ICPt 
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mmz%#4 K«Sr»itfc«iS (SCHffiig) . jfcjt/w 
KlOlUt*r»*lc«ls**5ri:tJ: 9JB«r*«riia 
ttKSfcSttfcftjg (GR I N— SCHfllis) 
■ffi wi^ai*6. ftjtM' KIOMfi LTI4A 1 G a 
A s JRttipK I n G a A s I n G a P A 

1 G a I n PXtffi*, SttllCfcftiriiiR/^BfcT'fc 

So 

[0 0 2 7] JtXfW KlttlMB*rt**rfc***>tf 

[0 0 2 8] *Stt<fcS (14) ©i^Mt 

LTJ4S i tfSSSUV, -iXl±-^(cS®^7tSx/< 
•f^T*«»*«J«+5ffit*a (1 10) ®, *fcffi 
!f*-Ctaft*i:*5 (100) ffi*»5>Ott«-C 
nS© K-^V hi/it) p^^bT'fc*), ±15 
Stt/f (4) IDffli LXfrmizmftZHZA 1 Ga A 
sIMW. InGaAsIM InGaPl, A1G 
a I nP3R#»«r«ftfltfl;«r+«wi*JpriB«*»e.T*) 

So 

[0 0 2 9] JRZ*«a*-, 5yKI (5) , 

(8) »i*M*«S!* 5 y Kl (3) IDtH, -jfttttli 
Sttl (4) ©¥$ttffl*r*J:0/h3fcffliff**#-*-5 
WfT-fi?>£$ft. Sffi (i) . y<yy 7 m (2) , Stt 

s (4) mcx*)m-&#mmi££tiZo waum® 

(1) atGaAs«ffi$}l, /<y77i (2) *> 
G a A s O^lCfiA 1 G a A s S#$k InGaAsl 
A 1 G a I n P£*t£K I nG a P 

[0 0 3 0] @2ICI±, ±mm(Dx-y3->i/Wti§ 
(6). (7) Xtf*+y7*Ji (1 0) 2>SfE«£ftT^ 

oic*a-c*5. m^xy^- >vwtm (6) 

If, Al a G ai - a As (OSagl) ttftiZXmtfLZtl 
5»-£-|c(4, 3^f4Ga As#$Jiglc:{£ffl£ft.5„ rti 
liMOCVDSfflliiliZ^?;/ KJg (8) « 
Sr. AIGaAs|fS«SH5Kl:gSttJ: 
<«S-f5^i:^T-t5fcfcT-foSo SHyfvm 
±1 (6) ©IJliIf2nm«±#jfiLV^ 
[0 0 3 1] f&-= yfBJkS (7) 14, I n b G 
ai-b P (OSbSl) fS^^IWIffct). * 
^^W±9(CGaAslrS«iLT^fflL/c^l±. ii3t 
^cO&I^T-b = 0. 5^1^*15. 
^IfiJtJI (7) Off$|±ii#5 n mJ£U:T-$> 9 , #i L 
<I41 0nmW±T-fcS o 5'nm*»-e«>5i. mW-<T> 

fflv^scit-c*. b = o. b = lf^i^: i tpr 
[0 0 3 2] *ty5"i (1 0) 14. g 1 §S«ftt« 
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^TWaE^ny^g (9) oftaiiUfflt>bn5i: 
H«PtSSZ3Miafgz^7y KS (8) cosKfiSrS^lc 
1-Sfca6(;:fflv>f>ft. 9fH^Sii£#5i!ulc. -£BXI4£ 
xm^ZivZ, Wjt7ay9m (9) £LTI4. 

Scot-. *ro*«S!ii»-!»«s^7yK« (3) &pq 
-^&5VM47>K-7-<!:t.5rtris$?£L<, *fc, 
fciitfAIGaAs^TWn^g (9) 
i"S^-S-T'$)^li\ A 1 y G a !- y A s (0<ygl) 7j> 
'o bt£ttZMWSm-9 7 y KJI (8) i 9 a«r*as,jx 
SiCtWSU'. i-*b*>. msE7*D-y^S (9) 
A5A 1 Z G a !- z A s ( 0 g z g 1 ) T-fcftli. L-fc^o 

[0033] m~mmmm~^ 7 ?ki ( 8 ) os^f* 

14, iS*. SttJf (4) WJHJr*«JlTt*H5. X, ft 
riUmSSgZ:? 7yKl ( 8 ) lil^^-*m®^ 7 y 

vm (3) MSiitii-^7 7Ki (5) tm- 
t. m-mnmm-tyyYm (5) , 

20 tyyh'm (8) &tf«at7*n S /7'l (9) <0£T£|5l 

-mj&tom-ttnmx'mi&i-zzkAmiftitiz-, *<d 
t&—=ir7>iria±m (7) [zn^xm^mmm 

mWtfLHii. *ty7"i (10) £5fe±Kl4» 

*L*^a-g-|;*5^TI4, m-xj/^y^a (7) KAD 

Z.x**yfM (10) lcJ:-5Ttlt»Jffl*T***»j« 
S-^7S'Ki (8) S0 t «jSli7'n j/^g (9) ft 

30 [0034] m-mn.m%-y yyvm ( 8 > ±k«« 

« (12) 4»«ttfia*«rTlf5fc*<»OBtt-Cav 
ft VM (11) 4R(t5<0;o5»4Lv^ vm 

(11) 14. »*, Ga As*miCT8lfiJc£ft3 0 IW 

'<?77i (2) cojf$(40. 1-3 jim, ^— i» 
1^7^-1 (3) CDJ?£|40. 5~3^m. ffittg 
(4) ©ff£tt**#F*ifi<0»aiJiSfc9 0. 0 0 
0 5-0..0 2/.B. SM*-?7?K1 (5) 
40 CQJ?£|4 0. 0 5-0. 3 /i mfS^WMf^-^ 7 y Kff 
(8) <OW.^\t0. 5~3^m. **y7'm (10) CO 
J?£I40. 005-0. 5^m, m^uy^m (9) 
<OJ?£I40. 3-2 ix m<0®H^biiW^ftS„ 

[0035] n 2 fc*-r*t*fttsjfcam±. $ ibicm^ 

(12) . (1 3) Ir^figLT^^ftSo (1 
2) 14. p^co^-g-. =>V^^ H (11) %mz&lz_ 
I4T i /P t/Au£H!&Kffi;iLfcgc. 7D-fJait 
Srir(c,toTffM$ftS. m@ (l 3) 14. £ 
ffi (1) <OSS(cjgfig$ft. n^mgco^-g-. W^lfA 

so uGe/N i/Au^KIR^^ifLfc^. Tn^«ig-t 



11 

[0 0 3 6] r»J:5KLT»*SiifcJMK*:^N- 

OHM lw:fcV>Tfc, WS-CO^jBXfftt^f^&ftfillt 
ES-*tS^yKi (3) . SttS (4) , gSZag 
tI^5yKi (5) . (8) . $ "blci45S®{c^£ti$ 
(l) . Wtfizfnytm (9) , hff 
(11) *(0«j«e*T&5#5c*Ol'-?. ftiS§§$7 

ioo37] zoittbn&m^m^nyyx^mtav 

fc3= tt\z%tfx&4*>{tL1t77X-?BBM. mzA 

A r 77 X-?<n%k!ft=.*/l>*?-% 2 5 e V/!>><b 3 0 0 e 
VgS> i. 9$r£L<l42 5 e Vt5^ 1 0 0 e Vfflfi 

&gi4, Mx.ll *M&ro>f *vff<b&;^<Dft&&8f 

jJSflEjxrv>4iv^5. gKfc$<0i8E;J»e>ro|ifc*iv>? 
«jfe-cii»^A s -oo»*(ctta*tt-c*>5. £fcG 

[0 0 3 8] fcfc. m&7i.m<r>'pt£< t tt>toW±*5 

LTI4. tfilxffXP S (X-ray Photo-electron Spectr 
oscopy X«3t«^Jtfe)*5fo5 0 rJxli*7c*©ft: 
*»«-tt««r*D«±-e*tU*JS4*«-?*>oT. 100 
/imXlOOymggro^f £lw&ofcX-i»$:. U— !f 

10 0 3 9] ^l::©Si^-tf)Ar/7X-7iO 



/.? 

aAslttS, InGaAsITO, InGaPStt 
£h A 1 G a I n P^^^.CO^lCli, mW)<P<D*fis& 
(1 4) WsLtiS iOlt*-Cil4<, U- 

{kLT^5J8iBS:^9 :ft5M**5. rftl4u-1f 
f^8tDffl-C , ©SSffiie»©-'<>..K^ + y^©Jt*t, 38E 

[0 0 4 0] ±IE^"7X-7BB.#ttt, LDf^KlS±T*Sg 
W{ki-5j»*t*D» *fiH£ftl (14) #LD«Ki'p 
l£»f-C^<S**t«4oT, fliffl/K ft**©**** 
BBE^oy^XT^Jt^JSt-rs^. 4 9f£L<l4. 

0- 3TorrWTSSv L < 14 1 0 ~ 4 Torr£lT. ftt>£? 
* L< li 1 O-STorrWTSgOKg^T-tf 5. 

[004 1] SSEO)fMlCI±»®lCI4§|F^^Jffi$tl, 

E*3tl^- 1f©*lc*fi«i4SJSftfi!JfiigS^aii$ 

[0 0 4 2] »BBic:ioTJB/SSii5i»ffittffiffl-J-5S 

30 1± (1 0 0) (nominally ( 1 0 0 ) ) t 
*ffi*B5 * toStg^rteffl LffiE^JtS u— If 
*»J*-f5il»ci4. (1 1 0) tL<limiig 8 a a^6<j 

1- ^«*B^#fi«*Jgfi£-*-2.Et<e5^, 
Sffidniss oriented substrate) LfcBglCtt. -t 
co<«f4 $ -frfc*(S] i: Afill^iSioHffi li <t o T liiSB* 

9 0° *r*S4v*«*fc*>5. fcixtf 
(100) is^f,, (1 - 1 0) *|6j(c:tfftT^S^ 

40 [0043] *«p^irfcvNr. JFSttiTkSirtt, ft-g-fe 

v Kg. g^S^2 jSmS7 7 y KgSr»ai-5« 
a«tt. SgE±(*SraSi-5^lcffM 

[0044] *«wt*5t»Ti4. *mmtmn. jseic 

K2*-C7*7X^ia»8, 3l$tft»JC£>p. Bit,. 10 
«• -3TorrtlTmgWSSf . »S L < 14 1 0 -6Torr£lTS 
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«. t< 14 1 0 - 7 Torr^TSSW^X2f X'M 

sltJW. ^SttfcErottfti: LTtt. Si, Ge, 

£L<. 5 0H^%W±OS i fc^gttftJifcStfwi 

[0 0 4 5] ¥«<*ttiilc7iSttftJI (14) b LXtt 
»£ft35tfiil4&ttS* Kit* Lfc^lCnSCW t 
*5t©*sa*L<, $?jIlCI4tfJj$tf>£:fo>J S i#*ijffl 
S i l4-tO«ftl^J;oT«ig. ftfttfiBfi^W 

H-CMSKRi'- hfffM^fc7^77^S i tffljffl 
5*5, »2/iinEJl±O*ftt»LTttaiWe*)0, BUR 

0. 2 (nm) <T p (nm) 
(fcfc'U * (I) A l4******-T-<0*««* 

) ■?*><& wifcJlBLT^S. fflLO. 2n 

[00 4 7] fc&fc. «fflLfc^*(«gB±t»ric$tt 

s^e^fltfi (14) ©±ic, ai$tLfc^m^i4^ 
■mfcRu^mtiwm-sitfr e> ft a => — r v ^ (1 

5) (16) ^ttSrir^IIffcS. #KH£L< 

tt«ii^o-f*vJSIt, *ettttif (14) oxut. * 

Lta-f-r^i (15) (1 6) ro«^J45iaUT 

K^f-cff?, r.tn4±ti4^*#u— ffrh<r>%<r>Yb 

[0048] *=*-tj >-?\z\tz.t$ttmm%^ 

Z>Zttiim&, A 1 O,, T i O x , SiO,, S iN, 
S iMZn SfrbteZ&frbmiitlZ 1SXI42SK1 

LTI4A10 X , TiO x , S i O x f A\ £fci§£tt^ 
-r^f LTI4A 1 O x /S i (OlII, T i O x / 

S i O x c7?#SBP?;4S#^f,ft5 o -eix^roMJf I4^f 

ttKlifiRlt = — ^-r^iLTttAlOx. T i O x . 
S i O s «tf?0>ttft A -?aaR*0?tfta£* nil 
tl/4 niSflFWBWtiSA^ICWSSilSW^-iia! 

[004 9] 3-f-f^| (15) (16) <DKj£lC 
*5V*TI4l^frt$>5 1 AD (Ion Assisted Depositio 



*I^LTI4, S i <OSSf*NI4N=n+ i k ift9 n(4Ji 
«r*OSIft»», kMm&MX'h*). n(4&3. 5T* 

[0 0 4 6] -USttfUZ^SHtitM (14) <B**T 
p (nm) 140. 2 (nm) «fc Of^liiigt U\ 
Lri»U -#«J8£JH^g«, flfctlil OOnm^t® 
3ft^»£-#ii>5. ^FSttfkf (14) ©S*U*ff* 

i4, Tmt%ti&mmkLxft&tz>tnb<D&m*b 

*fc*>«ffi*^BS'FfiH4fllB|-C«i3tL55« : t. Siffl 

< A/8 n (nm) (I) 

jgT*fc5. £^ICI4##X<DftA>TfcAr-1';i-Vl;:4.3 

tfhZo #lwAr^VWJSiW<Dft®ft&ftl4, 2 5e 
VH3 00 eVSI, i^SL<li50eV^f,2 

0 0 e vi«ofii*/u*-fiit?fflv>5*-e* 9 , r 

>f^^^T*>5. Sfc, 10-3TorrtlT. Z9»t 
t < 14 1 0 -4Torr^T, ft t># 4 L < 14 1 0 "STorrtlT 

10 0 5 0] 

J&0iJlclE££*v5k<O-ei4ftV\ 

[005 1] dr-y D7SS1 x 1 0 18 cm -3<onaGa 
Asgi (1) (73 (10 0) B±K, MBEgzlCT. 
5-77i (2) £ LT 1 MmWJ?£<D*-r U Tjggl X 

1 O^cm^niGaAsi, S-#^^7^ KS 
(3) Htl. 5^m<OJl$(0#-r yrffigl x l 0 

18 c m -3 <7)naA 1 o. 35G a 0 . 65A s )§. &I^T-J?£ 2 
4nm©7yK-/©GaAsW KSilCj?;* 6 n 
m©7yK-7"I n 0 .2Ga 0 .8Asrof-ff#F (S 
QW) „ $P,(C-t<0±|CJl$2 4nmroT>K-7'Ga 

As3t^-r K^sr*i-5fttti (4).. mzigm^fi- 

9 7 -yVm (5) iLT*30. 1 «i nu *Y!)7iSflE 
1 X 1 Ol 8 cm-3(DpSA 1 0.35Ga 0 .65AsS, W.2 
z-vf'sVV&.lkm (6) b LX&2 1 0 nm. *t!)7 
SSI X 1 0 18 cm- 3 OplG a A sJl, lH->f> 
^fil±Ji (7) tLTJfS2 0nm. *tU7iSS5X 
1 0 17 cm" 3 »nS I no. 49 G a 0. 51 p ^> Wfc"?* 3 
v9M (9) tLTf$0. 5j.ni, *+!/7i8S5x 
1 0 17 cm-3©nSA 1 o. 39G a 0 . 61 A s m. 
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m (10) tLtfJlOnra, 'J Tjgg 1 x 1 0 
18cm-3fflnlGaAs|, £Ji&«l Lfc 0 
[0 0 5 2] *±«(D*settA«*»#*:B< SB 
^iclfb->y = frRrtfc. :o»^i:, mit 

>^*tTV\ *ffi£A®*SgB#©*irs'7'JI (10) t 
tffiyny^f (9) Sr^Lfco :«V>tiyf 
+ > K±, «t& (9 8 w t%) , i©&{fc*?fi (3 0w t 
%*»*) Xtf***«JfCl : 1 : 
Srfflv\ 2 5"C-C3 0 8>r«8tT*ofc. 
[0 0 5 3] ft^fHF (49%) t NH 4 F (4 0 
%) Sri : 6-CjR^Lfc3Q3/^y^«lw2»3 0e>MS 

l^tiyf+yl-tt, ttS (3 5wt%) kin* 2 : 
t L7t 0 

[0054] MocvD&icr^->Sl;Mm- 
^7?Ki (8) i trar-r y TSSl x 1 0 18 cm -3 

» P a A 1 0. 35G a 0. 65 A s M £S*!>ii*.SI5# (HSS& 
A«*£&#) T-l. 5 um<nmZizt£Z> 

(11) iLT, J¥$7 M m, #tD7i8Sl XI 0 19 
c m-3» p SG a A s I u-f I? ?rifM L 

SlC*3lt5iBli < 2. 2 jimT-fcofc. 
[0 0 5 5] r<0^a:/>-tC*rLrSffiffillCI±n-S!tt 
fil (1 3) i LTAuG e N i /AuSr, £fcp-fflijm 
11 (12) KliT i /P t/Au£8R»£-tir4 0 O'CT- 

ftt-C, 7 0 0 «i m(0 U— tf 

LT (110) Hfckttti**, Ar^5X-r*fe|Sfl|«r 
#oJ(2f- ro&Mwi'— <f/<— Srv^ixrc:, 3 x 
1 0- 5 Torr£>g£tpT\ 3p^)i^/U¥-6 0 e V. HjSfc 
&Kl 5 0MA/cm2roAr^9X-7«rl^|8]J8S 
(If BSE) IC.HtftLfc. iigcLT, 2X10 " 7 Torr<0* 

i*2nm*ffifcJ*«$*TS (14) Sr 

»*Lfc. SbttgftttlCA 1 O x K*£&ttft9 8 0 
n mlCt5t^TSaiSt5<OSSt*^ 2 . 5 it. 0^1 

65nmSiU =— r-f>^S (15) fcflMLfc. 
A 1 O x KKf$Kli4 X 1 0 -5Torr»g£<PT- I AD& 
(^.f), f^i^-12 0eV, lM£200p 
A/c ra 2 <OA r T^X^SrA 1 O x <04g®— <0&£i: ID 

[005 6] ftio, 9 8 0 n mT<OT 7 * S i O 



(9) 

ye 

[00 5 7] $f,lwSJ8ffifli©&a«rtTpfcftlC, -g 
• U'-¥/<-*Kgf-rw<-*>e>»OftrLy!:. &S®«I 

Stfs i^sH4{ki (14) co»«*m\ £<b(cg*g 

LT» A 1 O x 8g£l 7 0 nm/7 ; e/l'77^S i 5r 6 
0 nm/A 1 O x ^£ 17 0 n.m/7 : f/l'7r^S i £ 
6 0 nmi:)gi^L7i4^(7)3-x^ *sVm (16) £r)g 
J*U EW*9 2%©«»ffi«:fBKLfc. fc*J, AlO 
'o xarotlWtt, «riBffi«4:IB]«oi ADjfelciO. 
^7 7^Si©Mli > m*B^fc tr-AJK 
i Offftot;© 1 •^VT'/i-SrSasffi 

a As (110) EIC#S1-5G a -G\ As-OH 

[0 0 5 8] ttz. :©l/-f/<r-!i>f,Mffit>^ 
t L-Clfv<^;*£&»>£|JU flffiffiWA 1 0,it S 
20 i S Sr 7 yK^roai 5/ > h -eft 0 |&i ^fc^gK£5J^fr 

5nmSS) <0*OflM8Sr#«^«fS-C*>5fcA, 

K¥+ :/:/«:aiJ£1-5**J*WC*>5. 1 0 0 nmtf. 
gglitfcofc 1 0 0 0 e Vom^Srl^— tfi&EW&tt 
■ftifiKHWt. ^B&(tS<0&T-**ft*<0 *>©£>*§ 

£-?frb. I n G a A s * : ?-#FSiBffij£®<0/<> K 
*t?7"ill. 5eV.GaAs Jfc^-Y KSSffiififif© 

5^yfe>^9J^5)**!)fcS?a<0 I n G a Asffjf 
FfiH4«©** flNfcffl©:E*A'¥-¥+ y 7*1* 1 • 2 9 
eVffcD, GaAsC/^K^t'^lil. 4 1eV 
Vh&Zbfrb. Ar7*7X^Sg|tlcJ;oT«ffiifi^ro 

40 [0 0 5 9] lOU- !f/<-*»e> 1 0x^^$r]feSSffl 

gfi#2 3mAT-fc"3. 3 5 0mA, 2 5 0mWT-=¥>^ 

2 0 0mW, 5 0*C-e*iai*ik«rLfc^*, 0 3 (C^-f 
a02000hrsSil Ufc^T-«5l^5E(i^ < 

[0 0 6 0] ^KLfcm^co^ioSrigiaSrom^S© 
ft (TEM) X-m.mi-Z>1Zlb<r>-V->7MCMTL> i<n 
50 ^Eifi^roft1±Sf=tifit. /Vu-^w^SrltlSLfc. z 
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[0061] mmm2) «io=-r^^i^ 

MSffifflSi^roi ADffilc«t9Jgfi!tLfcS iO x K& 
2 0 0 nm/T i O x £ 1 2 0 nm/S i O x 8g£ 2 0 0 
nm/T i O x £ 1 2 0 nm/S i O x H£2 0 0 nm/ 
TiO x £l 2 0 nmi:lliKLfc6®i: L, Sit* 8 8 
%W&J£Ei: Lfc^lifiUfBHiSfll lii< m«K LT 

10 0 6 2] wCOu-if^-roif-^y^SrJgE^ffl 
i LTBulEH^Jl t^:<^lcLTXPSaiJ^«rfTo 
££^3, Ga-O, As-OHSofc<jttUJM 

1"S tT- * A» f, , I n G a A s i^FJUSBiSif 
K*+y T^l. 5eV, GaAsWKIS 
Iif^<>^t7^1. 6 5 e Viffiil^Sft/i. 
7* h^5^yir^^ai|S^e>**i)fc^ac7) InGaA 
s J^#FfiH4J105*?-lWtlB]Oac^/U*-^ + y/IJ 
1. 29eVT'J>9 1 Ga AsC/O K=fty/lil. 
4 1eVT?fc3:iH, Ar7 , 7XvI^|:J:otfi 
®&(§ <0 , 4S£tt££ttft£# 

[0 0 6 3] $f>lwHtf|EU'— tfv<-ri»e>, striS^fffflf- 

^T^s/^r-^Lfc. fVW*©¥$tt*)J#!1*tt£ LT 
(±2 5lCTBgffimtoS2 5mATfct), 3 5 9mA, 2 
4 OmWT+V^^ftadcFtlfc. r. WfcafcatLTfTtt 
ofc2 0 0mW, 5 0"C-C«»«WWS*-CI4, I2 4(D 
» 9 , 2 0 0 0 h r s gig LfcB*^TOg|«S5Ett4 < $ 

[0 0 6 4] ft»Lfc»^<Dt>io5rflfjESffi^Jl t± 
< Untie LTTEMTfiiSSLfct Ar^Xvi 

ft, *&#l'bJ:groT^5Ci;iS«ifg;S;h,fc 0 
[0 0 6 5] (Jtttftl 1 ) llWBB&U'ttttS t fc, S i 
^FSttfkS (14) Off^&TWilCjfc&oA r 
■7fl?.ltS:tTfc-f. ^on-x^.V^l (15) M (1 
6) <DM&.% I ADfeSrffllr^lc, jiS^S^ f-Ajg 
*tt*ffl^T*T4ofcEWMi, B&iSMJS^J <t ^ < PJ^|(c 
Lfc£l3, f/W^cWWflflBWtti: LTIi, HJg 
«4n*l-2S , C-catt«tt*2 3mA-C*>9. 350 

mA. 2 5 0mwx'*>j?Ammztitzi^ m^mz 

fcl^Tli. 1 0 0 h r s &i§-t-3£ Til 1 07^-W^-f- 
^T^H 5 <0#|;:3S&JE Lfc. 

[0066] $tz, tiitznnmi ii<Pisi:xps^ 



(10) 

0ttfc#j2) BuigB&tf&JSEit, S i *7§tt{t:/I<D 
»*4rfTh>**>ofc£Jl«.H:i«rE|tit«| i ££< pq«(c L 
fc£r5, 7 f ^^03P«&W«3»M*ttiLTtt2 5 , CT 
S3ttfl;ffi^2 3mAft)0, 3 5 0mA, 2 5 0mWT 

*y?tmmztitz 0 ztiammmi tmm<Di&%:x&> 

io ofc 0 L/4>L, rOyvV^lOiiO^HlcatLT^-ffft 
ofc##?*SI (200 mW, 5 0<C) 14 2 0 0 0 h r s 

tg$ftfc. Sfc^kiSStXMil i9«<4oTL 

[0 0 6 7] (Jt««3) M*E.£.U^SB£t>, S i 
^SttdiSOffMlcJfeicoA r 7*7X-7BB|tSrtth>^^ 

^<0¥±&tt«J»#tt£ LTI4 2 5tTHfiSS»E;$s 2 
3mAXhK). 3 5 0mA, 2 5 0 mWT3r >?tff$M 

L, HJ&tfiJ 1 tP^roiOx/W^ro^a^LTSrff 
.ftofciNtrtKlfc (2 0 0mW, 5 0*0 l±0 7 <b^|c, 
2 5 0 h r sMiiLfc^T-r^T^x/M^^^jE 
Lfc, 

[0 0 6 8] *fc, lttEjllt«li±<IBI*^XPS» 
t\ ffiElCGa-O^^-f^-i-^ *^#FfiaW* 

IDtHTfcSCt, $61^14, SEifi^W^cD^mii^ 
so /u^^<D^Bltl^«T-a)5riSr»SLfc„ 

(MM* 4) StSffiBX^ffiEtt, S i^fittftlo 
ffMSt^-ttltC^SCOA r ^7X^fig|tSr^^*>ofc 
£Wt-. S91EHiS^2£^<|5]^|cLfc£r-5, tfi^ 

*'*-m*&ytmz a *> m% LtinGaAs s*#f 

j£ttSaB<0^>K^+yyf4l. 28eVi, 

5 * -y-fe >^.T*S0^ Lfc^/W^S^Wfi £ (213:13 CT 
foofc. Sfc, #^l*;^w^*i40 8 \Z7p-f £*>?), l 

0 0 h r s giS Lfc^,T* 5 7*'U Xi-^XtftefoK L 

it. 

40 [0 0 6 9] ^fc. BtfEHJg^Jl £^;<I3«IICXPS^ 
t. SirSBiifii^ro^Blro^aji/^u^^ro^Si: 

[0 0 7 0] 

L, L*»t. 5FStt<tJl (14) <0i£»/ii5ero7tSlc 
so 5 t><0T-#>2><, 
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[HI 2] *«MSili£»Jlo^«fl:ix-ifo#SB*ia]^ 

[H3] *«nilttfliOiN|ffcu-iPo**KM (2 
OOmW-^Utfj, 5 0t) Oj£&T**>5 0 

[04] *«WlllS0y2O^a»tt:u-1f(OI&AK» (2 
OOraW-^, 5 Ot:) Ott*T*>5. 

[El 5] lO^fru—ifiO^K* (2 

oomw-j^, sot:) a 0 

[116] *«WH:Kffi|2<o^fr^--1f^AI*« (2 
0 0mW-£iij;^ 5 Ot:) 0»*-C*>5. 



[iH7] ^mitm\3(o^m^—f<om^m (2 

0 0mW^ v 5 Ot:) <0»*-CiS)5. 

[HI 8] *«Mtt««4W***U-1f<0**K» "(2 
OOmW-JffiA. 5 Or) <0iBft-C&5 o 

1 : StE 2 :/<y7 7 l 3:S~iH^7yKI 

8 : mtiSZ^y KJI 9 : I^p y^S 
10:^^2/^1 11 :3>#> M l2:tS 
1 3 : 14: ^Sttfbl 1 5 : =-f-f>^i 

1 6 : n-y 1 ^ >^S 
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